In two experiments, top-down and bottom-up influences of the herbivorous crustaceans Daphnia pulicaria and Eudiaptomus graciloida on phytoplankton were compared in laboratory microcosms. In a long-term experiment (63 days), both grazers were able to establish populations. The Daphnia population exerted stronger grazing pressure, whereas Eudiaptomus fed more selectively. Daphnia retained relatively more phosphorus (P) and thus caused algal P limitation; with Eudiaptomus as a grazer, both nitrogen (N) and P remained limiting. In a short-term experiment (1 day), N and P release rates and algal-specific grazing rates by both consumers were measured. In this experiment, the increase in concentrations of soluble mineral nutrients (ANHcASRP) also supported the notion that Daphnia mobilized relatively less P than Eudiaptomus. Dry weight-specific grazing patterns did not differ greatly in this experiment. The present experiments and data from the literature suggest that Daphnia populations influence phytoplankton communities not only by the strong grazing pressure they are able to exert, but also by immobilizing large proportions of mineral nutrients (mainly P) within their biomass.
Introduction
Herbivorous zooplankton influence their food base both top down by the grazing pressure exerted, and bottom up by the release of mineral nutrients (Sterner, 1986) . The most important groups of planktonic herbivores,cladocerans and copepods, differ in both aspects. Cladocerans, especially Daphnia, are largely unselective feeders for particles in the nanoplankton size range (2-20 urn; Lampert, 1974) , whereas copepods are better able to discriminate between different food items (DeMott, 1986) . Hence, unselective feeding by Daphnia is expected to create a chemostat-like situation, where nano-sized algal competitors suffer identical mortality rates. The implications of selective feeding by copepods can be more variable, depending on the preference pattern for or against an otherwise superior competitor.
The ratio of nutrients recycled by grazers (nitrogen:phosphorus, N:P) may explain fluctuations between N and P limitation of the phytoplankton, and is thought to depend on herbivore stoichiometry (Sterner, 1990) . According to Sterner's theory, a grazer that is more P rich than the algae will tend to retain relatively more P; thus, the nutrients released will be P deficient and the algae can become P limited. Similarly, a grazer that is more N rich than the algae can drive the phytoplankton into N limitation. Essential pre-conditions for this theory are that nutrients recycled by grazers form a significant share of the growth demands of primary producers, and that contrary to their foods, zooplankton species maintain characteristic and nearly constant N:P ratios (Carpenter et ai, 1992) . The first requirement, significance of recycled nutrients, is often met in stratified situations, when concentrations of dissolved nutrients are low in the euphotic zone, and the supply from deeper strata and from external sources is minimal (Wetzel, 1983) . The second requirement, constancy of grazer stoichiometries, has been supported by some field studies (Andersen and Hessen, 1991; Hessen and Lyche, 1991) . In a laboratory study, Sterner et al. (1992) found that the N:P ratio of Daphnia varied at most by 10% when exposed to foods that differed by >700% in their N:P ratio.
Atomic N:P ratios of non-nutrient limited phytoplankton are usually -16:1 (Goldman et al., 1979) . With an N:P ratio of -12:1 (Hessen and Lyche, 1991) , Daphnia are more P rich than their foods, thus having the potential to drive algae into P limitation. In contrast, typical body stoichiometries of Eudiaptomus indicate high N contents (N:P = 52:1; Hessen and Lyche, 1991) and N limitation caused by Eudiaptomus is, therefore, to be expected under appropriate conditions.
The experiments presented here were designed to test and compare the topdown and bottom-up influences of Daphnia pulicaria and Eudiaptomus graciloides on phytoplankton in laboratory microcosms. In a long-term experiment, grazing losses and the states of nutrient limitation of selected algae were compared. In this experiment, the composition of the medium was such that both N and P limitation of the phytoplankton were possible. In a short-term experiment, N and P release rates and algal-specific grazing rates by both consumers were measured. In both experiments, the artificial algal community was designed to include a good P competitor (Synedra sp.; Tilman et al, 1982) , a good N competitor {Monoraphidium minutum; Sommer, 1989) , and a food, presumably preferred by Eudiaptomus {Chlamydomonas reinhardtii or Cryptomonas sp.; DeMott, 1986).
Method

Organisms
Monoraphidium minutum (arcuate, 5 \im longest linear dimension, culture #243-1), Creinhardtii (spherical, 6 \im diameter, culture #11-32) and Cryptomonas sp. (oval, 12 \x.m length, culture #26.80) were from the culture collection at the University of Gottingen, Germany. The diatom Synedra sp. (acicular, 70 \x.m length) was isolated from Wielandsweiher, a small lake in southern Germany, close to Lake Constance.
Daphnia pulicaria was from the clonal collection at the MPI for Limnology in Pl6n. Eudiaptomus graciloides was isolated from the Schohsee, a mesotrophic lake close to Plon, northern Germany. The copepods had been cultivated in the laboratory for >6 months prior to the experiments. The animals were kept in filtered lake water from the Schohsee. Daphnia was fed Scenedesmus acutus, a green alga; Eudiaptomus was fed various cryptophytes.
Long-term experiment
For this experiment, two microcosms were established and operated simultaneously. Each microcosm consisted of two thermostat-coated glass vessels of 10 1 volume, a light reactor, where algae could grow, and a dark reactor, where algae were grazed (Sommer, 1988) . The medium circulated between both reactors at a rate of 20 1 day 1 , resulting in an average 12:12 h lightrdark rhythm experienced by the phytoplankton. The light reactor received a photon supply of -100 |iE m~2 s" 1 at its surface and was stirred continuously (60 r.p.m.). The dark reactor was stocked with zooplankton and was stirred for 5 min every hour. One microcosm included D.pulicaria, the other one E.graciloides as a grazer. To prevent the grazers from entering the light reactor, the outlet of the dark reactor was screened by a 100 u.m gauze. The gauze was cleaned daily, and renewed if necessary. Before the start of the experiment, the whole set-up was heated to 80°C for 5 h. During the experiment, the temperature in both reactors was kept at 18 ± 0.5°C.
The medium consisted of 0.2 (xm filtered Schohsee water, which was supplied with inorganic nutrients to reach final concentrations of 30 u.M Si (silicate), 15 \iM N (nitrate) and 1.5 (iM P (phosphate). To prevent possible limitation by micronutrients, a trace element solution that was half the strength of WC (= MBL) culture medium (Guillard and Lorenzen, 1972) was added. This trace element solution was added a concentration of 11.7 jiM organic N (as Na 2 EDTA) to the final medium.
Monoraphidium minutum, Creinhardtii and Synedra sp. were inoculated. Three days later, the dark reactors were stocked with zooplankton. One dark reactor received 32 medium-sized D.pulicaria (1.5-2 mm body length), the other received a comparable biomass (-800 (xg dry weight) of a laboratory population of E.graciloides, comprising all instars from nauplii to egg-bearing females.
After stocking with zooplankton, the dark and the light vessels were sampled at weekly intervals by harvesting 1 1 from each one and replacing it with freshly prepared medium. Algal densities, paniculate (<100 jim) and dissolved nutrients were determined from these samples. The weekly sample volume was not sufficient for recording zooplankton quantitatively, especially as Eudiaptomus tended to avoid the sampling tube by escape reactions. This is why zooplankton biomass (dry weight and elemental composition) was only determined at the end of the experiment.
Algal grazing losses (m; dimension day 1 ) in the zooplankton compartment were estimated from the differences in cell numbers in the light and dark reactor (C H ,C D ): (Sommer, 1989) 
Nutrient limitation biotest
When both microcosms had reached different and distinct states (day 57), the kind of nutrient limitation of the algae involved was tested. Water from the dark reactors, where nutrients had presumably been released by zooplankton grazing, was filtered (0.2 \LTO) and 50 ml per flask were distributed into eight sterile Erlenmeyer flasks. The flasks were inoculated with Monoraphidium, Synedra and Chlamydomonas that had previously been grown to the stationary phase in WC medium at nutrient concentrations equivalent to the microcosms (Si:N:P = 30:15:1.5 u.M). The biotests were treated with no nutrient addition, addition of Si, N or P alone, all possible pairwise additions, and the combination of all three nutrients. Nutrient additions were of the same concentrations as in the standard WC algal medium. The flasks were incubated for 5 days under temperature and light conditions that were identical to the microcosms. Cell densities at the start and the end of the incubation time (C o , C 5 ) were determined using an inverted microscope, and the growth rates (p.; day" 1 ) during this period were calculated as:
Growth rates with and without different nutrient additions were compared using Mests. To judge the stimulation by a single nutrient, all four treatments involving the nutrient were compared to all four treatments lacking the nutrient. In the case of simultaneous limitation by two nutrients, two treatments involving the pair of nutrients were compared to six treatments without.
Short-term experiment
This experiment was carried out in 11 glass bottles. The medium was 0.2 jxm filtered Schohsee water, with Monoraphidium, Cryptomonas sp. and Synedra from laboratory cultures to yield an estimated total phytoplankton of 0.5 mg C I" 1 . Three bottles served as controls without zooplankton, three replicates were stocked with Eudiaptomus (all instars), and three replicates were stocked with 20 D.pulicaria of ~2 mm body length each. The bottles were incubated for 21.5 h in the dark on a plankton wheel (1 r.p.m.) at a temperature of 18°C After that, algal samples were fixed, and the animal dry weight and dissolved and participate nutrients were measured.
Calculations in the short-term experiment
Phytoplankton were strongly reduced by zooplankton grazing in this experiment and reached densities below the incipient limiting level (Rigler, 1961) , at which zooplankton typically exhibit constant grazing rates (= filtering rates, clearance rates) with decreasing food concentrations. Therefore, grazing rates were calculated from algal counts in control and treatment bottles after the incubation, assuming an exponential decline of particle concentrations with time (Peters, 1984) :
where GR is the dry weight-specific grazing rate (ml mg d.wr 1 Ir 1 ), Z is the zooplankton dry weight (mg), V is the bottle volume (ml), t is the incubation time (h), and C c , C A are the algal densities in the control and animal bottles, respectively
To estimate nutrient release by the zooplankton, an exponential decline of particle densities had to be assumed, too. To do so, the equation of Olsen and Ostgaard (1985) , originally applicable to a linear decline of particle densities at high food concentrations, had to be modified: 128
In N pA -In A/pc where R A is the dry weight-specific nutrient release rate (jig mg d.w." 1 h" 1 ), N^, N dC are the dissolved nutrients in control and animal bottles (ng ml" 1 ), N pA Npc are the particulate nutrients in control and animal bottles (u,g ml" 1 ) and Cc, C A are £ algal biovolume in control and animal bottles (\im 3 ml" 1 ). The first term in parentheses (A/ dA -N dC + N pA -A/pc) corresponds to the net nutrient uptake by the zooplankton, i.e. the nutrient incorporation into zooplankton biomass. The remainder in brackets corresponds to gross nutrient ingestion, with In (C A /C C ) the grazing rate, and (N pA -N pC /ln7V pA -lnJVpc) the average particulate nutrient concentration in the animal bottle, which is assumed to decrease exponentially, too. Hence, the whole expression for the estimation of R A is equivalent to the difference in the animals' dry weight-specific rates of nutrient ingestion and nutrient incorporation.
Determination of biomasses and nutrient concentrations
To estimate dry weights, animals were collected on pre-weighed 100 nm gauze disks, dried at 60°C, and subsequently weighed. Phytoplankton were fixed in Lugol's iodine and counted by inverted microscopy. Algal counts were converted to biovolumes using cell volume measurements from pure cultures with an electronic particle counting and measuring system (CASY, Scharfe System). Biovolumes were converted to carbon contents according to Rocha and Duncan (1985) .
Dissolved nutrients were measured according to standard methods (Strickland and Parsons, 1972) . Samples for particulate carbon and N were collected on precombusted (5 h at 450°C) glass fibre filters (Whatman GF/F), dried at 60°C, and analysed in a C-N analyser (NA1500, Carlo Erba). Samples for particulate P were collected on 0.2 ^m membrane filters (cellulose nitrate, Sartorius) and analysed after acidic persulphate digestion (Koroleff, 1976) .
Results
Long-term experiment
Phytoplankton dynamics. During the first 30 days, Chlamydomonas declined in both microcosms (Figure 1) . With Daphnia as a grazer, Monoraphidium also declined and Synedra dominated after day 21 at phytoplankton biomasses of 1.5 ± 0.9 X 10 6 |xm 3 ml" 1 (mean ± SD). However, with Eudiaptomus as a grazer, Monoraphidium dominated and phytoplankton biomasses were about an order of magnitude higher (20.4 ± 2.1 X 10 6 u,m 3 ml" 1 ).
Zooplankton grazing. Phytoplankton elimination rates by the Daphnia population were relatively high (>1 day" 1 after day 21; Figure 2 ) and no preference for one of the algae was evident. All appeared to be grazed equally by Daphnia. Elimination rates by the Eudiaptomus population were lower (<1 day" grazing by the copepods was more selective. During the first phase (until day 21), Chlamydomonas was preferentially ingested and after day 21 Synedra was preferred, when Chlamydomonas was virtually absent from the Eudiaptomus microcosm ( Figure 2 ). Monoraphidium was not perceptibly grazed by the copepods.
Mineral nutrients and phytoplankton limitation.
Concentrations of soluble mineral nutrients reflected the phytoplankton development in both microcosms (Figure 3 ). SRP concentrations were low in both microcosms after the first week. (Figure 3) . In both microcosms, carbon:nutrient ratios of the particulate fraction were higher than the optimum ratio for phytoplankton (Goldman et al., 1979) and, thus, especially in the Eudiaptomus system, were indicative of algal nutrient limitation ( Figure  4) . It is not clear from these data, however, what the respective limiting nutrient was.
To obtain more direct evidence, the nutrient limitation biotest was performed. In the Daphnia microcosm, the green algae Monoraphidium and Chlamydomonas were stimulated by phosphate, while the diatom Synedra did not respond significantly to any nutrient addition ( Figure 5 ). With Eudiaptomus as a grazer, Synedra was stimulated by N, and Monoraphidium and Chlamydomonas increased their growth rates only when N and P were supplied simultaneously ( Figure 5 ). in Eudiaptomus was considerably lower; the copepod population only reached a dry weight of 2.5 mg. It is evident from the P and N budget, that in the Daphnia microcosm a large proportion of both nutrients was tied in the consumer biomass (Table I) . Owing to the low dry weight of the copepods, this was not the case in the Eudiaptomus microcosm. In both microcosms, the total measured P contents (SRP + seston + animals) were lower than what could be deduced from the input phosphate concentration {Daphnia 61%; Eudiaptomus 75%). This can either be explained by (bacterial) wall growth in the vessels and in the tubing or by a significant share of soluble organic P. The total N contents (soluble mineral N + seston + animals) were higher than what could be deduced from the input nitrate concentration {Daphnia 125%; Eudiaptomus 195%). This can probably be explained by enzymatic hydrolysis of parts of the organic N (Na 2 EDTA) added to the medium.
Phosphorus and nitrogen budgets
Short-term experiment
Zooplankton grazing rates. In the short-term experiment, Eudiaptomus biomasses were about twice as high as Daphnia biomasses (Table II) . As a result, phytoplankton were more intensely reduced in the Eudiaptomus treatments than in the Daphnia treatments (Table II) . Dry weight-specific grazing rates were obviously higher for Eudiaptomus than for Daphnia. A comparison of the clearance rates of both species, considering total algal volumes, confirmed a significant difference {t = 3.187; 4 d.£; P = 0.033). Both grazers appeared to display different selectivities for the three algae offered (Table III) . This was only marginally Paniculate and dissolved nutrients. Particulate nutrients decreased and soluble nutrients increased in the zooplankton treatments as compared to the control bottles (Table IV) . Nitrogen was excreted as ammonia. Nitrate and nitrite concentrations did not differ between treatments and controls (data not shown). In most zooplankton treatments, except for one bottle with Eudiaptomus, the increase in soluble reactive P exceeded the decrease of particulate P, suggesting a net loss of P by the animals. In the controls, algal C estimated from phytoplankton biovolumes corresponded well to particulate organic carbon (POC) that was measured analytically (98.3 ± 3.7%; mean ± SD). The contribution of algal C to POC decreased with increasing grazing pressure in the animal treatments (Daphnia: 45.8 ± 8.2%; Eudiaptomus: 4.3 ± 0.6%). Zooplankton grazing resulted in increases in the concentrations of soluble nutrients (Table IV) . According to a comparison of the ratios of the concentration increases of ammonia and SRP (ANH^ASRP), Daphnia appeared to release relatively more N than Eudiaptomus (Table V; t -6.235; 4 d.f.; P = 0.003). If only increases in the concentrations of soluble nutrients are regarded, this does not take into account the re-uptake of soluble nutrients by the phytoplankton during the experiment nor does it include the release of particulate nutrients as faeces, by egestion or by sloppy feeding. Hence, nutrient release rates for N and P (R A ) were calculated following Olsen and Ostgaard (1985) . The ratios of N and P release rates (i? A -N:i? A -P) were not significantly different for Daphnia and Eudiaptomus (Table V; t = 1.125; 4 d.f.; P = 0.323). Table IV . Soluble and particulate nutrients (.Pp^iyNp^) in the short-term experiment at the end of the incubation time. POC was determined by combustion, algal C was estimated from phytoplankton biovolumes (all concentrations in ug H; means ± SD of three replicates) 
Discussion
Experimental food web manipulations in lakes have repeatedly demonstrated that changes in top trophic levels can cascade down the food chain and often influence the primary producers (HrbScek et al, 1961; Shapiro and Wright, 1984; Carpenter and Kitchell, 1985; Benndorf et al, 1988) . These biomanipulations often involved changes in the size structure of the herbivorous zooplankton, in most cases due to a rise of Daphnia populations, and often led to a reduction of phytoplankton biomasses that were usually ascribed to the higher grazing pressure exerted by the larger and more abundant herbivores. An alternative and complementary explanation for this phenomenon is the immobilization of mineral nutrients by the herbivores (Sterner et al., 1992) . In the long-term experiment, with Daphnia as a grazer, the largest proportions of both N and P were tied up in the herbivore biomass (Table I) . With sufficiently high population densities, the typically high body content of P in Daphnia (Hessen and Lyche, 1991) can result in a significant share of this major limiting nutrient being fixed within the zooplankton biomass and not available for primary producers.
Beyond all doubt, the situation in the long-term microcosms caricatures or exaggerates the natural circumstances in a lake. Yet, there are field data suggesting that at times large portions of nutrients are tied up in herbivore biomass. In a study of the spring clear-water phase in the Schohsee, Germany, Lampert et al (1986) reported a maximum zooplankton biomass of 0.7 mg dry weight I" 1 ,80% of which were Daphnia. This corresponds to a P content of 9.1-9.5 u.g I" 1 in the zooplankton or 65-70% of the total P measured at that time (-14 |ig I" 1 ). Such reflections on literature data are often difficult to carry out, because in many cases nutrient concentrations are not specified or zooplankton biomasses are only given per unit lake surface. Nevertheless, it can be inferred from the review by Lampert (1988) that in six case studies of clear-water phases in Central European lakes (Lake Constance, PluBsee, Greifensee, Lake Esrom, Bieler See, Lake Lucerne), zooplankton biomasses were comparable to phytoplankton maxima that occurred shortly before or afterwards. Hence due to the typically high mineral nutrient contents in the zooplankton body mass, we can assume that during these phases considerable portions of mineral nutrients were fixed in the zooplankton compartment.
According to the commonly accepted PEG model of plankton succession, the spring clear-water phase is caused by zooplankton grazing, not by nutrient limitation (Sommer et al, 1986) . In fact, during this short period, unlike during the rest of the season, algae are often not limited by mineral resources and seasonal maxima of biomass-specific primary production have been observed (e.g. Tilzer, 1984) . However, if Daphnia die without being ingested, a large portion of P will be lost from the epilimnion via sedimentation and thus be not available for subsequent seasons. Shortly after the clear-water phase, sedimentation rates of up to 3000 Daphnia m 2 day 1 were observed in Lake Constance, Germany (Gries, 1995) .
Significant amounts of P can also be tied in the zooplankton compartment during summer stratification, when competition for mineral nutrients is usually intense (Sommer et al., 1986) . Hessen et al. (1992) sampled 45 Norwegian lakes of varying trophy during summer stratification and found that zooplankton on average constituted 20.4 ± 12.3% of the total P. The fraction was highest in many oligotrophic lakes (>50%) and declined in meso-to eutrophic lakes with an apparent asymptote at -15%. Urabe et al. (1995) found that in mesotrophic Lake Biwa, Japan, zooplankton shared 39% of the particulate P during a phase in summer when seston stoichiometry suggested strong nutrient limitation.
In the long-term experiment, the high P retention by Daphnia clearly resulted in P limitation of the phytoplankton, whereas both N and P remained limiting when Eudiaptomus was the grazer. This was evident from the nutrient limitation biotest, when two algae responded to P enrichment with water from the Daphnia microcosm, while one alga responded to N enrichment and two algae to the simultaneous addition of N and P with water from the Eudiaptomus microcosm ( Figure 5 ).
The influence of the food chain on the nutrient supply regime of the phytoplankton, with herbivorous zooplankton in a pivotal position, was demonstrated by Elser et al. (1988) . They manipulated the food webs of two lakes in a contrary fashion and simultaneously measured indicators of phytoplankton N and P limitation. One lake was stocked with planktivorous cyprinids and piscivorous bass were removed from it, whereas the other lake was stocked with bass and cyprinids were removed. The authors found that N and P limitation were inversely correlated and that, in situ, the transitions between the two types of limitation occurred quite rapidly (<1 week). Nitrogen limitation was predominant when small zooplankton species prevailed, while P limitation was most frequently detected when large species, especially Daphnia, dominated.
The type of limitation of the algae in the long-term experiment was not clearly recognizable from the C:P or C:N ratios. In the Daphnia microcosm, the ratios of particulate nutrients were probably biased by a significant share of detritus in the particulate fraction. Nitrogen release by Daphnia was deducible from a raised concentration of soluble mineral N in the animal compartment. In the short-term experiment, the increases in concentrations of soluble mineral nutrients (ANH^ASRP) also supported the notion that Daphnia mobilized relatively more N than did Eudiaptomus (Table V) . However, the nutrient release rates (R A ) estimated for N and P did not support the difference between both grazers The ratios of the release rates (R A -N:R A -?) did not differ significantly (Table V) .
The calculation of R A is based on the difference in the animals' nutrient ingestion and nutrient retention (= incorporation into biomass). The estimation of nutrient ingestion assumes that the respective particulate nutrients are as ingestible as the algae. If significant amounts of particulate nutrients are not located in intact algal cells, but in fragments, faeces or bacteria, this may violate the assumption of equal ingestibility, especially for Eudiaptomus. In this case it would be necessary to know the nutrient content of the seston components that are really ingested. It will be difficult to obtain this information by appropriate separation techniques, e.g. by filtration.
Particulate nutrient ratios in the short-term experiment suggest that the algae were relatively nutrient replete (Table IV) . N:P ratios in the control bottles were in the range of 10:1. The N:P ratio of the food algae was lower than both grazers' N:P ratio, which means that for both Eudiaptomus and Daphnia, P was the surplus nutrient in their food. Correspondingly, P release was high and resulted in ANH^ASRP and # A -N:# A -P ratios <10 for both grazers. In five of six bottles, P release even exceeded the animals' P uptake. Sterner and Smith (1993) also reported net P losses of Daphnia pulex in some experiments, especially when the P content in the food was high. They supposed that the animals probably metabolized body reserves and that this was a transient process. Obviously, short-term patterns can differ from general trends.
In the short-term experiment, dry weight-specific clearance rates were slightly higher for Eudiaptomus than for Daphnia (Table III) . The higher grazing pressure by Daphnia in the long-term experiment was due to the >20-fold higher population mass established by the cladocerans. Why was Eudiaptomus not able to build up a larger population in the long-term experiment? One reason may have been that the phytoplankton in the Eudiaptomus microcosm were dominated by Monoraphidium, the alga that the copepods were least able to utilize.
As expected, Daphnia were less selective feeders than Eudiaptomus in the longterm experiment. The copepods' selectivity for phytoflagellates and Synedra was confirmed in the short-term experiment. Daphnia also appeared to display some selectivity for Synedra and Cryptomonas in the short-term experiment, although the effect was only marginally significant. The strain of Synedra used, cell length 70 (xm, is not very long and thus falls into a size category that is relatively easy for large cladocerans to ingest (Geller, 1975) . The discrepancy of Daphnia's selectivities in the short-term and the long-term experiment may be due to the fact that in the short-term experiment only large animals (~2 mm) were present, whereas in the long-term experiment a whole population, comprising all size classes, was feeding.
In conclusion, the experiments reported here basically confirm the initial assumptions. The nutrient limitation biotests in the long-term experiment and the concentration shifts of the soluble nutrients in the short-term experiment indicate that Daphnia mobilizes relatively more N than does Eudiaptomus. Owing to the high population densities that Daphnia is able to establish, a large proportion of P, often the major limiting element, can be tied up in the zooplankton biomass. Along with the high grazing pressure which is exerted, this can significantly influence the structure of the phytoplankton assemblage. It therefore appears that the 'success' of Daphnia in biomanipulation measures is not only due to top-down but also to bottom-up influences.
